Background. Anemia currently affects 2 billion people throughout the world. Although the immediate causes of anemia among children are known (including malnutrition and infections), the importance of contextual determinants and their relationships with individual effects have rarely been explored.
Introduction
Anemia represents a major public health problem among infants in poor countries. According to the most recent estimates of the World Health Organization (WHO), two billion people throughout the world are anemic, including 250 million children (12%) [1] . Moderate and severe anemia are associated with increased child morbidity and mortality [2] and a deterioration of the physical and cognitive development of children [3] [4] [5] [6] [7] .
There are a variety of causes of anemia, related to both individual and environmental factors. Iron deficiency remains the main cause of anemia in poor countries and contributes to almost half of the current cases [8] . Other nutritional deficiencies (folate, vitamin B 12 , vitamin A) are also risk factors for anemia [1, 9, 10] , as are diets rich in phytates [11, 12] and poor in animal products [13] . In addition, diseases, and malaria in particular, are important risk factors: in endemic malarial settings typical of Africa, there is a much higher prevalence of anemia than there is in nonendemic areas [14] .
Although the immediate causes of anemia among children are known (such as malnutrition and infections), the impact of household and community socioeconomic determinants is only now being explored, and the interrelationship between such contextual and 77 Risk factors for anemia in Benin and Mali individual factors remains under-studied. Using multilevel analysis techniques, it is possible to identify and separate contextual-level effects from individual-level effects [15] [16] [17] [18] [19] [20] ; however, multilevel analysis has been rarely used by nutritional epidemiologists.
Using multivariate and multilevel approaches, this study attempted to separate individual and household factors from contextual factors associated with moderate and severe anemia in children in Benin and Mali. The choice of countries was based on anemia data availability in Demographic and Health Survey (DHS) data; in 2002 when the study started, data on anemia were available from only three sub-Saharan African countries: Benin, Mali, and Uganda. The Uganda database was temporarily withdrawn from the ORC Macro data bank (the organization in charge of DHS data administration) and consequently withdrawn from our study.
Methods

Data and study population
Data used in this study were gathered from recent DHS carried out in 2001 in Benin and Mali. These DHS are nationally representative surveys including 2,284 Beninese children and 2,826 Malian children aged 6 to 59 months. The sample design involved a probabilistic two-stage sampling. In the first stage, enumeration areas were randomly selected with equal probability. The second stage involved interviewing of eligible households and individual respondents. A detailed sampling methodology is presented in the DHS sampling manual [21] and DHS country reports [22, 23] .
The surveys consisted of individual and household questionnaires that identified women of reproductive age (15 to 49 years). The household questionnaire collected comparable information on household composition, including relationship to head, age and sex of all the household members, and educational attainment for those aged 6 years and higher. The individual questionnaire included information on the background characteristics of survey respondents. Child health and nutrition information was collected for all children born to women during the 5-year period preceding the survey.
Ethical clearance and informed consent
Training for the EDSM-III and EDSB-III survey teams included special training for the field editors and the team leaders on how to present the informed consent statement. The informed consent was approved by the ORC Macro research ethics committee as well as the National Ethics Committee for Mali (Bamako) and for Benin (Cotonou). The questionnaire was translated into the six main Beninese languages (Adja, Dariba, Dendi, Fon, Yoruba, and Ditamari) and the three main Malian languages (Bambara, Sonrai, and Peuhl). Prior to the test, each woman was asked whether she agreed to participate in the study and, if so, to sign a form giving her permission for the collection of a blood droplet from herself and her children. The form explained the hemoglobin testing procedure and the causes and consequences of anemia. The women were assured that the results obtained from the testing would be kept confidential.
Study variables
Outcome: child anemia
Anemia was defined through blood hemoglobin levels in capillary blood. Hemoglobin measurement was undertaken in Benin and Mali by the HemoCue system, which consists of a portable photometer and a one-step blood collection device that is covered with dry hemoglobin conversion reagents. This is convenient for population-based surveys. The anemia cutoff points used in this study were those recommended by WHO for children [24] . Moderate to severe anemia was defined as hemoglobin lower than 9.9 g/dL and mild anemia as hemoglobin between 10.0 and 10.9 g/dL.
Explanatory variables
Potential risk factors for anemia are presented in figure 1 , which reflects the rationale for the multilevel analysis carried out in this research. Variables were The following child characteristics were studied: age (6-11 months, 12-35 months, 36-59 months); sex (male/female); birth rank (1, 2-3, 4-5, 6+); mother's age (15-29 years, 30-49 years); height-for-age z-score (HAZ < -2 / HAZ ≥ -2); recent diarrhea episodes (yes/no); and immunization (full/incomplete).
Studied household characteristics included: source of drinking water (safe/unsafe); mother's education (no education/any education); father's education (no education/any education); household size (< 5 persons, 5 to 7 persons, >7 persons), and household wealth index (low, medium, high). The wealth index is a composite measure of the cumulative living standard of a household. It is calculated using easy-to-collect data on a household's ownership of selected assets, such as televisions and bicycles, materials used for housing construction, and types of water access and sanitation facilities. The most important householdowned durable goods were identified and placed on a continuous scale by principal-component analysis [25] . We categorized in tertiles corresponding to low, medium, and high. The wealth index is particularly valuable in countries that lack reliable data on income and expenditures, the conventional indicators used to measure household economic status. These income and expenditure measures, when available, are often unreliable, and even in countries that collect these data, the DHS wealth index has outperformed the traditional indicators [25] .
Communities were defined by grouping sampling clusters within administrative units. Communityrelated variables are the place of residence (urban/ rural) and the community development index (low, medium, high). This community development index was based on the availability of three basic services in the community: water supply, electricity supply, and sanitation services. We considered communities with none of the three services as having a low development index, those with one or two services as having a medium development index, and those with all three services as having a high development index. This index could be constructed for Benin only because data were not collected for Mali.
Analytical procedures
For each country, we applied six simple (or single-level) logistic regression models and six multilevel logistic regression models to the data. Child, household, and community characteristics were entered progressively into a simple logistic regression model to examine their associations with moderate to severe anemia. These analyses were then repeated using multilevel logistic regression model techniques [17, 18, 20] . The single-level logistic regression model fitted a single-level regression to individual, household, and community characteristics and did not take account of the household-and community-level clustering of children. The multilevel logistic regression model allowed the incorporation of explanatory variables at different levels of the hierarchy. It also produced estimates of logistic regression coefficients, standard errors, confidence intervals, and significance tests that are generally more conservative than those obtained from simple logistic regression models [20, [26] [27] [28] [29] . The simple logistic regression models were fitted using SPSS v13.0. Multilevel logistic regression models were fitted using MLwiN v2.0 [30] .
Model specifications
We constructed six models for each country. The first model (basic model) contained biological risk factors such as child's age, child's sex, child's birth rank, and mother's age. The second model (health model) contained health-related variables, notably stunting, recent episodes of diarrhea, source of drinking water, bednet usage, and completion of immunization. The third model (socioeconomic model) examined household socioeconomic variables, namely, mother's and father's education levels, household size, and household wealth index. The fourth model (community model) contained community-level variables, including type of place of residence and community development index. The fifth model (socio-community model) combined the socioeconomic and community models. The sixth model (full model) included all of the studied variables.
Fixed effects
Fixed estimates presented in the results section are those of the full model. For the two analytical methods, estimates of association between moderate to severe anemia and explanatory variables are presented side by side in the same table to facilitate comparison. The β coefficients (standard errors) were converted into odds ratios (95% confidence intervals).
Random effects
In this study, multilevel logistic regression allowed us to examine the role of contextual (community) factors in the prevalence of child anemia. Possible contextual effects were measured by the variance partition coefficient (VPC); this is a variant of intraclass correlation (ICC) when the outcome is nonlinear [15, 20, 26, 30] . For a dichotomous variable such as presence or absence of moderate to severe anemia, VPC was calculated according to the formula used by Snijders and Bosker [26] : VPC = V n / (V n + π 2 /3) V n = neighbourhood variance VPC represented the percentage of total variance in 7 Risk factors for anemia in Benin and Mali the risk of moderate to severe anemia attributable to the neighborhood level and was also used as a measure of clustering of anemia in communities. A high VPC would reflect a high clustering of anemia prevalence and a high neighborhood effect on individual risk of anemia. In model 4, we tested cross-level interaction by letting the level 1 explanatory variables slope be random at the neighborhood level. Multilevel logistic parameters were estimated using restricted iterative generalized least squares (RIGLS) and penalized quasi likelihood (PQL) (Goldstein, MLWIN manual) [30] .
Results
Prevalence of anemia
The prevalence of anemia among children was high and comparable in the two countries: (82% and 83% in Benin and Mali, respectively). Moderate anemia (hemoglobin between 7.0 and 9.9 g/dL) affected 52% of Beninese children and 53% of Malian children. Severe anemia (hemoglobin < 7.0 g/dL) affected 9% of Beninese children and 12% of Malian children. The prevalence of moderate to severe anemia varied enormously from one region to another within countries. In Benin, the lowest prevalence was observed in the southern region of Atlantique (42%), while the highest prevalence was observed in the northern region of Atacora (74%). In Mali, the lowest prevalence of moderate to severe anemia was seen in Bamako, the capital (48%). Apart from Bamako and Segou (close to Bamako), the prevalence of moderate to severe anemia was more than 60% in the seven other regions of Mali. Bivariate analyses show that only a few explanatory variables are significantly associated with mild anemia. On other hand, almost the same variables are associated with moderate and severe anemia (tables 1 and 2). In this starting with the individual-level variables, followed by household-and community-level variables. The outcome is moderate to severe anemia (hemoglobin ≤ 9.9 g/dL). In this study, single-level logistic regression yielded broadly similar results to multilevel logistic regression. The same risk factors for moderate to severe anemia were identified using the two methods, and estimates (odds ratios) were quite similar for all of the variables. The innovation of the multilevel analysis is that it made possible the quantification of the contribution of community-level effects to the prevalence of moderate to severe anemia.
Contribution of contextual effects to the prevalence of moderate to severe anemia
The contribution of community effects was derived from the null model, which is the model containing only the outcome and a constant (no explanatory variable). Figure 3 shows that 14% of the variability in the risk of anemia in Benin and 19% in Mali is attributable to the difference between communities. This means that the prevalence of anemia is mostly attributable to differences between individuals (more than 80%) rather than to differences between communities.
Individual-and household-level factors
Age was strongly associated with the prevalence of moderate to severe anemia. The risk of anemia was 3 to 4 times higher among children under 3 years of age than among those between 4 and 5 years of age. In Benin, children with birth rank greater than five were twice as likely to have moderate to severe anemia as their older counterparts (OR = 2.05; 95%CI = 1.02-3.97). Mother's education was positively and significantly associated with moderate to severe anemia in Benin (OR = 1.77; 95%CI = 1.28-2.99) but not in Mali (OR = 1.08; 95%CI = 0.79-1.09). Father's education and household size were not associated with the prevalence of moderate to severe anemia. In Mali, children living in households with medium living standards had a lower risk of anemia than children living in households with either low living standards or high living standards.
Community-level factors
Living in a rural area was associated with a higher prevalence of anemia in Mali (OR = 2.04; 95%CI = 1.38-2.44) but not in Benin (OR = 1.01; 95%CI = 0.34-1.35). On the other hand, Beninese children living in communities with medium development levels were more at risk for moderate to severe anemia than their peers living in communities with either low or high development levels.
Discussion
This research, based on recent DHS undertaken in Benin and Mali, will undoubtedly contribute to a greater comprehension of the determinants of anemia at the individual, family, and community levels. The 
Single-level (simple) logistic regression model vs. multilevel logistic regression model
The aim of this study was to identify risk factors for moderate to severe anemia among children, using two analytical techniques: multilevel and single-level logistic regression. The results showed that the effects of individual and community characteristics on moderate to severe anemia were not affected by alternative specifications of the estimation methods. It is important to note that this was the first study comparing multilevel and simple regression for anemia risk factors using these DHS in the African context; more studies comparing the two methods are therefore needed to shed further light on the usefulness of multilevel analysis in nutritional epidemiology.
Risk factors for child anemia
Apart from this important methodologic result, the study reinforced current knowledge about infections and malnutrition as key determinants of anemia. Infections and health-seeking behaviors (characterized here by recent episodes of diarrhea, incomplete immunization, and absence of a bednet) were strongly associated with a high prevalence of moderate to severe anemia. Even after controlling for source of drinking water, diarrhea remains positively associated with anemia. Depending of the severity of diarrhea, it could lead to mild, moderate, or severe anemia [31] . Diarrheal illness is associated with loss of iron and decreased absorption of nutrients needed to maintain normal hemoglobin status [32] . It is also likely that, as demonstrated for other nutrient deficiencies, diarrhea shares common cause with anemia [33, 34] .
Bednet use is well documented as an effective anemia prevention strategy [14, [35] [36] [37] [38] [39] [40] [41] [42] . A recent study in Mali estimated that 30% of anemia is due to malaria [43] . An exhaustive review of the impact of malaria control on the risk of anemia among children [14] estimates the protective efficacy of bednet usage on severe anemia to be 60% (hemoglobin < 8 g/dL).
Stunting was associated with higher risk of anemia in the two countries. Previous studies in India and Kenya have shown that stunted children suffer from more severe anemia than nonstunted children [44, 45] . Even though it was not possible to determine in this study if stunting existed prior to anemia, the consistent association between these two nutritional conditions emphasizes the need for long-term efforts to optimize child nutritional status.
In addition to these immediate risk factors, Malian children living in households with intermediate socioeconomic levels had a higher prevalence of anemia than those living in poor households. The same phenomenon was observed in Benin at the community level, with children from communities with a medium level of development at less risk for anemia than their peers from low and high development level communities. It is likely that these communities with a medium development index represent communities undergoing developmental and nutritional transition, which may carry higher risks of malnutrition and infections [46] .
Individual and contextual contribution to the prevalence of anemia
Risk factors for moderate to severe anemia vary throughout Benin and Mali, but the variability occurs at the individual level; there is little community-level clustering (ICC of 14% to 19% according to the results of the multilevel analyses). Therefore, anemia interventions need not be community-specific. If, through successfully addressing risk factors, anemia is decreased in one part of Benin or Mali, addressing the same risk factor could successfully reduce anemia throughout the country. Identifying a successful program to replicate is a priority; it is likely that such a program would include a focus on overall child health indicators as identified in this study (reducing infections, especially reducing malaria through bednet use, reducing protein-energy malnutrition, and improving immunization). Our results could not be directly compared with previous studies on vitamin A or anemia clustering. Most previous studies have interpreted high prevalences of anemia or vitamin A deficiency in an area as "high levels of clustering" [47] [48] [49] [50] . These studies did not separate the contribution of individual characteristics to the risk of anemia (or vitamin A deficiency) from the contribution of the cluster (which is the real clustering effect). Other studies have shown evidence of clustering at the household level [51, 52] . With the newly available hierarchical regression techniques, it is possible to separate these individual effects from contextual effects and therefore to give accurate measures of clustering. Agarwal et al. [53] , the only study available that estimates clustering of vitamin A deficiency based on hierarchical analysis, reports an intraclass correlation of 13% (95% CI, 10%-17%) in villages. These results are comparable to our findings (ICC of 14%-19%). More multilevel studies are needed to determine whether the relatively low clustering effect found in this study applies to other countries.
Limitations
The primary limitation of this study was its crosssectional design. Despite the robustness of the analyses, control for the principal confounders, and the consistency of our main results with those of other studies on anemia, no causal inference can be made. However, the correlations observed can help us guide the development and implementation of anemia intervention policies. Another limit of the study was the absence of data on children's dietary iron intake and supplementation in the DHS surveys. However, it is already well documented that iron-deficiency anemia contributes to approximately 50% of total anemia in West Africa [1, 54] .
